Post-endodontic restorations are both important and challenging for clinical success in endodontically treated posterior teeth. Several options have been proposed to restore endodontically treated molars.
Ⅰ. Introduction
A final restoration after endodontic treatment is necessary in order to preserve and protect the remaining tooth structure, while restoring adequate esthetics and function. Several options are available and the choice depends on the structural integrity of the tooth, esthetics, and protective requirements [1] .
In permanent molars in the partially erupting stage of children and adolescents, the restoration of endodontically treated teeth with extensive coronal destruction due to caries, failure of restorations, or a developmental dental anomaly has been a challenge for all dentists. Due to reduced coronal structure and lack of adequate interocclusal space for the restoration, these teeth have compromised biomechanical principles of retention and resistance [2] .
One treatment option is fabrication of an intracanal postand-core, followed by a full-coverage crown to reinforce the restoration retention. Although this intracanal post supports the coronal structure, there are still some risks of root perforation; moreover, over-preparation can cause stress in the already weakened root canal walls [3] .
Another viable restorative option is the use of preformed metal crowns (PMCs) or stainless steel crowns. These are mainly used in the deciduous teeth after pulp therapy. In permanent teeth, the PMCs could be used successfully as an interim restoration in a broken-down or traumatized tooth until the permanent restoration can be carried out. And they could be used as the restoration in a permanent molar that requires full coverage but is still partially erupted [4] . Despite the wide acceptance of PMCs on permanent molars, there have been concerns raised regarding their lack of accurate cervical fit and the after-effect on periodontal tissues, lack of esthetics, difficulties in tooth preparation, and adjustment of the PMCs [5] .
Therefore, more conservative, esthetic, and functional alternatives are needed. As adhesive dentistry has remarkably developed over the last several decades, there are various resin adhesives with high bond strength and thin film thickness. The development of these materials has led to the availability of high-strength restorative materials that are capable of being etched and then luted with adhesives for better retention. Endocrown is a recently introduced indirect restorative technique that has gained clinical popularity for restoration of endodontically treated posterior teeth. Endocrown is formed from a monoblock containing the coronal portion integrated into the apical projection that fills the pulp chamber space, and possibly the root canal entrances.
The purpose of this case report is to discuss the use of the endocrown in pediatric dentistry to replace single crowns with intraradicular retention or PMCs. Here, we present two clinical case reports on endocrown restorations performed in partially erupted mandibular and maxillary first molars with extensive coronal destruction due to dental caries.
Ⅱ. Case Report 1 . Case I A 9-year-old male patient, with delayed development and mental retardation, visited the clinic for the disabled in Chonnam National University Dental Hospital with a chief complaint of multiple caries. The intraoral examination revealed that multiple teeth were affected by caries, especially, the left mandibular first molar with extensively destructed coronal structure (Fig. 1A) . On radiographic examination, a periapical lesion was detected, indicating the need for endodontic treatment ( 
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(Honigum, DMG, Hamburg, Germany) using a retraction cord.
A provisional restoration was constructed with a light-cure elastic material (Temp-it, SPIDENT Co., Ltd., Incheon, Korea).
The endocrown was fabricated with a polyglass composite resin, Artglass ® , in the laboratory (Fig. 3) . The try-in of the The tooth preparation and the impression for endocrown were performed after the shade selection, in a similar way as described in the previous case. The Artglass ® composite resin was used for the fabrication of the endocrown in the laboratory. After a try-in, the endocrown was cemented using a dual curable resin luting cement (Fig. 7) . Clinical and radiographic evaluation of a 2-year follow-up showed no secondary caries, fracture, or defect of the tooth (Fig. 8 ).
Ⅲ. Discussion
Modern clinical concepts to restore endodontically treated posterior teeth are based on the principles of the minimal invasive dentistry [1] . Preservation of the remaining tooth structure is critical to build the foundation for a post-endodontic restoration for strengthening the restored tooth. Other important considerations in the restoration of endodontically treated teeth are the interocclusal space and the height of the remaining coronal tissue, which influences the strength and retention 
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of the final restoration [4, 5] . Especially in pediatric dentistry, partially erupted molars with extensive coronal destruction or less coronal height have an insufficient crown height to gain retention for the full crown cast restoration. Endocrown appears to be a suitable option for restoring the endodontically treated teeth in the situations stated above.
With the development of the adhesive cementation system, the necessity of macro-retentive preparation for conventional post-and-core and full cast crowns has decreased [6] . Other restoration options such as inlay, onlay, overlay, Sharonlay, and Richmond crown have been introduced for the teeth with extensive loss of the coronal structure after endodontic treatment and follow the concept of conservative preparation and supragingival level finish [1] . Richmond crown and Sharonlay were introduced many years ago with the idea of developing a single unit restoration. As the conservative and esthetic addition to this continuum, a new type of adhesive endodontic restoration was introduced [7] . The first study published was conducted by Pissis [7] in 1995, which described the monoblock porcelain technique on teeth with extensive loss of coronal structure. It was Bindl and Mörmann [8] who named this restorative procedure "endocrown" in 1999 as adhesive endodontic crowns, and characterized as a total porcelain crown fixed to endodontically treated posterior teeth.
Endocrowns are indicated for molars in the following conditions: those with excessive loss of coronal dental tissue due to caries or recently increasing molar incisor hypomineralization;
limited interocclusal space due to clinically reduced crown height as seen in partially erupted molars of the mixed dentition stage; roots that are too short, obliterated, dilacerated, or fragile for conventional post and crown; or favorable pulp chamber retention cavity [9] . Meanwhile, contraindications of the endocrown include evidential increase in functional and lateral stresses as with steep occlusal anatomy, wear facets, or parafunctional habits; in cases where adhesion cannot be assured; pulpal chambers less than 3 mm in depth; or cervical margins less than 2 mm in width for most of the circumference [1] . In such cases, full-coverage crowns, with or without post, could be the alternative. Although endocrowns are desirable for all teeth, they should be restricted to the restoration of posterior teeth, especially molars. Bindl et al. [10] observed in the previous study that the endocrowns with premolars were more likely to fail than with the molars. This could possibly be because the premolars have a smaller dental structure area in the pulp chamber and consequently a smaller adhesive surface. Additionally, the configuration of premolars, where the height is greater than the width, could create a long lever arm and hence, increase the risk of adhesive rupture and displacement [11] .
Endocrowns have several advantages over conventional fullcoverage crowns. They are easier to handle, less complex, more practical, less expensive, and less time-consuming [2] .
Conventional intracanal posts with intraradicular retentive supports for coronal restoration can generate a wedge effect on the root and have a longer laboratory time [12] . Moreover, in the case of failure, the invasive procedure could lead to the larger loss of tooth structure, making it difficult to re-intervene [13] . In the previous studies, the endocrown restorations presented greater fracture strength than indirect conventional crowns retained with glass fiber posts and resin composite cores [14, 15] . Mörmann et al . [16] showed that the fracture resistance of endocrowns with an occlusal thickness of 5.5 mm was two times higher than that of ceramic crowns with a classic preparation and an occlusal thickness of 1.5 mm. The design of preparation is conservative and involves the minimal biological width compared to the conventional crowns [3, 17] .
Additionally, the normal enamel is still retained after the cavity preparation, which improves the durability of the adhesive system. The bonding surface offered by the pulpal chamber of the endocrown is often equal or even superior to that obtained from the bonding of a radicular post of 8 mm depth [1, 18, 19] . However, endocrowns have disadvantage in debonding and there is a possibility of root fracture because of the difference in the modulus of elasticity between the hard restoration and soft dentin [11] .
The preparation for the endocrown includes an occlusal reduction to achieve the height of the occlusal space of at least 2 mm in the axial direction. The supragingival or equigingival circumferential butt-joint margin is approximately 1.0 to 2.0 mm in width, with an axial preparation to make a central retention cavity inside the pulp chamber that eliminates undercuts in the access cavity [7, 8] . This design makes both the crown and core a single unit monoblock structure; thus, the root canal preparation can be omitted. The suggested dimensions of the retention cavity are 5 mm diameter and 5 mm depth in molars, but the precise dimensions are not clearly determined [15] . Sometimes, it could be necessary to apply the composite resin on the pulp chamber walls or floor to block the undercuts (Fig. 9) . This suits the restorative needs as described in this case report, thereby further conserving sound tooth structure.
Endocrowns constructed with CEREC system (Sirona, Bensheim, Germany) using CAD/CAM (computer aided design/ manufacturing) were first introduced by Bindl and Mörmann [8] .
Recently, other systems and materials have been employed. compared to those fabricated with ceramic. They can also be repaired after being fractured due to functional use [20] . Ohlmann et al. [20] showed that the preparation for the composite resin crowns could be more conservative in comparison to that of ceramic crowns. Because a high-strength reinforcing core was not necessary, thereby it made minimal occlusal reduction possible. However, their tendency to accumulate plaque, necessity for polishing, and wear of strength in function under shear occlusal stresses was clinically unfavorable.
The bonding material constitutes the critical interface between the restoration material and the prepared tooth. The single bond interface enhances cohesion [7, 11] . In addition to the adhesive properties, its modulus of elasticity is important because it should be able to absorb the pressure [10] . It has been reported that certain types of adhesive agents affect fracture resistance, which was higher in crowns cemented with resin cement than crowns luted with glass ionomer cement [20] . Therefore, endocrowns in the cases described above were luted with a dual curable resin adhesive.
In this clinical case report, it was decided that the endocrown restoration would be appropriate for partially erupting molars with extensive loss of coronal structure after endodontic treatment. The restorations were fabricated with Artglass ® , and the prognosis was good during the 2-year follow-up.
Ⅳ. Summary
If the case is carefully selected, the endocrown offers some advantages in the restoration of endodontically treated molars.
It promotes adequate function and favorable esthetics, as well as the biomechanical integrity of the compromised structure of non-vital posterior teeth by dispensing the use of a postand-core filling.
In the field of pediatric dentistry, endocrowns could be used as a permanent alternative to conventional full crown with post-and-core, or as a transient interim restoration on permanent molars during continuing tooth eruption in the mixed or early permanent dentition of children and adolescents.
In these clinical cases, the 2-year survival of the endocrown restorations could be considered a success. Fig. 9 . Schematic drawing of the tooth preparation for the endocrown restoration. Flowable composite resin could be applied for blocking undercuts.
